INTRODUCTION
============

Giant intracranial aneurysms are exceedingly difficult to successfully treat by either microsurgical or endovascular approaches.[@B3][@B11] The natural history of giant aneurysms is significantly more malignant than that of their smaller counterparts.[@B1][@B13] The pipeline embolization device (PED) is a flow-diverting stent developed for treating giant aneurysms via endovascular reconstruction of the parent artery.[@B7] A myriad of single- and multicenter studies have demonstrated the relative safety and efficacy of the PED.[@B2][@B8][@B9][@B14] Intraprocedural complications during PED deployment are infrequently reported and complications associated with device malfunction are quite rare.[@B6] We present a case of a completely deployed, malfunctioned PED refractory to endovascular retrieval that generated thromboembolic sequelae and required microsurgical extraction.

CASE REPORT
===========

A 59 year-old female presented with seizures. Computed tomography angiography (CTA) head demonstrated a giant right middle cerebral artery (MCA) aneurysm with mass effect on the adjacent frontal and temporal lobes ([Fig. 1](#F1){ref-type="fig"}). The decision was made to treat the aneurysm with a flow-diverting stent. The patient underwent digital subtraction angiography (DSA), revealing a partially thrombosed, giant right MCA bifurcation aneurysm with a recanalized portion measuring 11.1×7×7 mm. A ReFlex 058 catheter (Reverse Medical, Irvine, CA, USA) was advanced through a 6 French shuttle sheath placed in the right common carotid artery (CCA) into the distal right internal carotid artery (ICA). Under continuous roadmap guidance, a Marksman microcatheter (ev3, Irvine, CA, USA) was advanced over a Transcend microguidewire (Boston Scientific, Fremont, CA, USA) through the ReFlex catheter into an M3 MCA branch distal to the aneurysm. A 3.25 × 25 mm PED was deployed through the Marksman catheter across the neck of the aneurysm.

However, during deployment of the PED, its proximal edge became pinched ([Fig. 2](#F2){ref-type="fig"}). After removal of the ReFlex catheter, attempts to dilate the proximal portion of the stent with a balloon were unsuccessful. After control angiograms through the guide catheter in the CCA demonstrated sluggish flow through the distal right MCA branches, the decision was made to remove the PED. However, since the deployment wire had been removed from the stent, it was no longer possible to retract the proximally pinched stent. The Marksman catheter was removed and a final control angiogram showed less delay in distal MCA flow, no thrombus formation on the stent, and no evidence of distal emboli. The patient was taken to the intensive care unit on therapeutic anticoagulation with a heparin infusion in addition to standard dual antiplatelet therapy (aspirin 325 mg and clopidogrel 75 mg daily). She awoke with a left pronator drift but was otherwise neurologically intact. However, post-procedural CT perfusion continued to show delayed flow through the right MCA.

Therefore the patient was taken back to the neurointerventional suite the next day. Repeat DSA found thrombus formation along the proximal PED with sluggish filling of the distal MCA. An attempted thrombolysis was performed with an infusion of 10 mg of abciximab but was unsuccessful. Next, multiple attempts were made to retrieve the PED utilizing a variety of devices including Goose Neck snares (Microvena, White Bear Lake, MN, USA), an Alligator retrieval device (Chestnut Medical Technologies, Menlo Park, CA, USA), and a Merci Retriever (Concentric Medical, Mountain View, CA, USA) but they all failed. Ultimately the procedure was aborted. The final control angiogram at this point demonstrated a large, flow-limiting thrombus in the M1 trunk and very sluggish flow distally. The patient began to develop a dense left-sided hemiparesis after the failed retrieval attempt and post-procedure magnetic resonance imaging (MRI) demonstrated multiple acute right MCA distribution thromboembolic infarcts ([Fig. 2](#F2){ref-type="fig"}).

Due to the patient\'s deteriorating neurological exam and the inability to retrieve the partially thrombosed PED by endovascular approaches, neurosurgery was consulted and we emergently decided to take the patient for microsurgical extraction of the PED to restore flow to the MCA. Upon performing a wide right-sided craniotomy, the giant, partially thrombosed MCA aneurysm was immediately evident upon dural opening. The calcified dome was opened and intra-aneurysmal thrombus was debulked. Upon removal of the thrombus, the lumen of the MCA was exposed and the PED was easily removed ([Fig. 3](#F3){ref-type="fig"}). The proximal MCA M1 segment was identified just distal to the ICA bifurcation and proximal vascular control was achieved with a temporary clip. The M2 branches were seen incorporated within the aneurysm neck. The excess aneurysm dome was resected but due to the anatomy of the neck, the opened aneurysm dome could not be reapproximated with a clip. Therefore the remainder of the aneurysm was resected, resulting in detachment of the posterior MCA M2 division from M1 trunk. The senior author (KCL) attempted to reanastamose the posterior M2 division to the M1 but due to the friable nature of the vessel walls, the 8-0 nylon suture would not hold. Given the length of time that the vessel had been occluded and the likelihood that the infarct had completed, the decision was made to abort the surgery at this time to prevent hyperperfusion injury. The clips were left in place and the bone flap was left off to allow for infarct-related edema. As expected, the patient awoke from surgery with a dense left-sided hemiplegia. The patient underwent percutaneous gastrostomy and was discharged to a rehab facility 1 week post-operatively. The patient subsequently underwent cranioplasty 2 months later with an unchanged neurological exam.

DISCUSSION
==========

The rate of major morbidity associated with PED treatment of intracranial aneurysms is approximately 5% and mortality about 1%.[@B6] While PED complications related to the device itself are fortunately very rare, the ensuing sequelae may be catastrophic. Due to the paucity of device-related PED complications, strategies for their management are poorly defined. If PED malfunction is noted prior to complete deployment, an attempt should be made to retract the stent through the deployment catheter. Colby et al. reported removal of 5 PEDs, 2 with failed distal deployment, 1 with failed mid-portion deployment, 1 with distal dislodgement from the parent vessel, and one with distal malposition, utilizing endovascular corking and pseudo-corking techniques.[@B5] However, in all of the aforementioned cases, the PED had not been fully deployed with the proximal portion of the device retained within the delivery microcatheter.

In this case, the proximal PED failure was not noted until the stent had been completely released from the delivery catheter thereby significantly increasing the difficulty of endovascular retrieval. The retrieval of a PED following complete deployment has not been well described in the literature. Therefore the management and ensuing outcomes for these rare circumstances are very poorly defined. Chen et al. reported 2 cases of deformed Enterprise stents (Codman, Miami Lakes, FL, USA) that were removed with an Alligator retrieval device after complete deployment during stent-assisted coil embolization of intracranial aneurysms.[@B4] Oh et al. retrieved a Neuroform stent (Boston Scientific, Fremont, CA, USA) that dislodged during treatment of intracranial atherosclerosis of the supraclinoid ICA.[@B10] Multiple endovascular retrieval devices, including the Alligator and multiple snares, were attempted in our case without success.

Open microsurgical retrieval of intravascular objects is associated with a potentially high rate of morbidity. Raftopoulos et al. described an uncomplicated microsurgical extraction of a coil which unraveled and migrated during endovascular coil embolization of an anterior communicating artery (ACOM) aneurysm.[@B12] Unfortunately in our case, we were unable to reanastamose the distal M1 segment to its proximal segment after opening the MCA to extract the PED ([Fig. 3](#F3){ref-type="fig"}). While the patient had already suffered multiple thromboembolic infarcts in the same vascular distribution, the microsurgical intervention eliminated any chance for future recovery.

CONCLUSION
==========

As the role of the PED in the treatment of intracranial aneurysms continues to evolve and as its use continues to become more widespread, rare complications such as the one we encountered will become more common. While our case illustrates the first reported instance of microsurgical extraction of a malfunctioned PED, the outcome is clearly suboptimal. With rapid development of new neuroendovascular technology, a simpler solution for retrieval of malfunctioned PEDs may soon emerge. Until such advances are available, the management of malfunctioned PEDs after complete endovascular deployment remains determined on a case-specific basis and by the expert opinion of experienced cerebrovascular surgeons and neurointerventionalists.

![Computed tomography angiography (CTA) head (A) axial, (B) coronal, and (C) sagittal views demonstrating a giant, partially thrombosed 4.5×3.3 cm right middle cerebral artery (MCA) bifurcation aneurysm with an atherosclerotic, calcified dome. Digital subtraction angiography (DSA), right internal carotid artery (ICA) injection, (D) antero-posterior (AP) and (E) lateral views again demonstrating the giant MCA bifurcation aneurysm. Most of the aneurysm sac does not fill with contrast due to a significant degree of intrasaccular thrombosis.](jcen-15-241-g001){#F1}

![Initial treatment DSA, (A) AP and (B) lateral views, demonstrating the incompletely deployed PED with a proximally pinched portion and retained transcend microguidewire. The microguidewire was eventually removed but the proximally stenosed portion of the stent could not be dilated and the stent could not be retrieved. (C) CTA head, coronal view, following the initial treatment DSA demonstrating the incompletely deployed PED (arrow) with stenosis of the proximal segment of the stent. (D) Magnetic resonance imaging diffusion weighted imaging, axial view, following the second failed retrieval DSA demonstrating multifocal acute infarcts of the right MCA distribution (DSA: digital subtraction angiography, AP: antero-posterior, PED: pipeline embolization device, CTA: computed tomography angiography, MCA: middle cerebral artery).](jcen-15-241-g002){#F2}

![(A) Intraoperative photograph after dural opening demonstrating the atherosclerotic, calcified dome (arrow) of the giant MCA bifurcation aneurysm. (B) Intraoperative photograph after opening the aneurysm dome and debulking the intrasaccular thrombus demonstrating removal of the incompletely PED (arrow) from the lumen of the MCA M1 segment. Post-operative CTA head 3-dimensional reconstruction, (C) axial and (D) coronal views, demonstrating absence of the right MCA at its origin from the ICA bifurcation (arrow). After aneurysm resection, the detached posterior division of the MCA M2 segment was unable to be reanastamosed to proximal the M1 segment (MCA: middle cerebral artery, PED: pipeline embolization device, CTA: computed tomography angiography, ICA: internal carotid artery).](jcen-15-241-g003){#F3}
